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Fault Diagnosis in Gear Using Adaptive Signal Processing

Lee Sang-Kwon

ABSTRACT

Impulsive sound and vibration signals in gear are often associated with their faults. Thus these impulsive sound and

vibration signals can be used as indicators in the diagnosis of gear fault. The early detection of impulsive signal due to

gear fault prevents from complete failure in gear. However it is often difficult to make objective measurement of

impulsive signals because of background noise signals. In order to ease the detection of impulsive signals embedded

in background noise, we enhance the impulsive signals using adaptive signal processing .

LA 8
7112 REjY WF AZEL 2% 7105 ]9
o] o] zighol] ARg oA gt @
ol A¥EL
A ol FANE GAGE AL vt FF
ok guEtd olE2 FHH&E FERYYE
( hamonics ¥ FdiHel EF3& AlF( broadband
random signal )& VA Ho A £ glE #F wol=
( background noise ol £F Holx Q17 djEolc}.
ol g wiY wol=EL 7|oj9 x7| oA P&
waigtch et WA olelg WA woj2E AA
Moz FA3EE &F A7e e 79 o
4 A g0l doh
ofgigt A AelE o2 AdzAeE EH F s
Atk AFAA M Ml F 259 A
7} o] AL A F o]

2

o%,
tlo
@
_°,L

r
g
=
ob
i
2

i)

4
;9.
_8,
At
OPN

—Vl L In

A% A =275 ol o & REEHA HE
1 A% Ag] TTBdlE Auto-Regressive( AM )
@ Kurtosis F7F, Cepstrum #2419, A| 7

AED - 513} Spetra®, 1L} AlZkF o B

N
E
4y ot
M

* A3 gt w J)AE s

40l 9% FAGEEHN Yebdd.

A® o] gtk Atirt 7lo] oMo} Ao &
4, 8 A T2 A-Fos B4 9 A%y
W0 g Al O olde EMoRA FEE
2 F Atk ZoddA & FAH £x29 7R Fag
( fundamental frequency )} IR HEE A 357] ¢
atod A Me)2% A B33 WY (time averaging
method 'V &) ¢t HolA g} ol @ HEL
I G FHe B &R opy] HojAw AZE ¥Ya
2 3= BEd ol k. B =&dMe F-94
ALE ( two-stage adaptive line enhance )}'? 7} v} 73 =
ojzo} XA Y AT HFL & A
£ HolHt} o] WL 715 Al Z( reference signal )
E 8T8A g7 Wi s H4 °d 4
AWA A9 ALEE JAEE] FEYES A
Aste AEE 1, F WA GANA FARE
FAde BE AR vs o Hol Ao 3§
2% S &4E A% F-9A ALE 9 A3 A
82 %53 YE( adaptive filter) &) FFE &
23 Hdd g8 gl o4& 88 ¥He "o,
¥ A7)( step size ), FFF A A( decorrelation
delay ) Fol 3ot B =RAMNE £3€ LMS €2

-1114-



gZol A QoA AHEHot A3, QRLSL( QR
decomposition based on the Least Squared Lattice ) &
1) Fo] F HAA @ANAM A Heo] At 9
ZAEL WFo A" dis Yehd g =4
2o thal 5F A 7]7( adaptive scheme )= A
A%g 1A YL 7R FH FHE oy
of &&stAct.

2. 7lo IF AS

U4 7108 AFAZE 71848 geometry ), &3
B} ( stress load ), £Q, 7]0) wrxel F3, 273 ¢
3 e o 84F0 o3 dFE 2o o
2R AL 2 uF9 U2 Az HAAFY AF
A 2 2} transmission error ) o} & Fojt}. o]
= 7188y AN gioldt Az A LaE
¢ HFez A £E duh. 2PN ojReE F
B A7 5L I EAw 43T £x9
&% stol 2B E 7)o nta, 2719 719
9 BE A7t §Y &1 FFEHA £E Ho U
3 7HAskAL 71l F9 shute] RE
712 2 2EY Fagf, 3 289 tEHE

2 54 9 4 % A

AE x(t)

rr

x(t)=ﬁ,:Xn cos(2mnf,t +¢,) 4

=0
o7l X, n¥iA
( magnitude ) ©1, f & 7I1& A %

( fundamental tooth meshing frequency ) olt}
wrek 7)oj7t AzTAAY LA QoiM Yol 2
god Hx wEY AF.y T A7
( magnitude )R N3 phase )9 EEd A
( modulation )& Egsta & Zo] 247 5
sic.

DEEY

x(t)= i X, (1+a,(1))cos(2nnf,t + ¢, +b,(2))
n=0

2)
4714 ans b £ 27 27 R $4 ZE
ol FFEMolth AREL UhA] 29

) M
a, (t) = 2 A,,,m COS(szRt +(pn,m) 3
m=0

M
b,(1)= 2 B, cos(2mmf t+0,,) (4
m=0

A7)H fo& % BH SEoTh oY ZFo)
B grEe oW REY HEY 02RE OF 8

29 AX WE 4 Aok 284 B4 e A4 Q)

3 (@) AA FA FL HolAok gt A F7hA
o= AAJAE (normal condition )] Z]ojollA A
71 2 94 mgdojdol & Aol FFHA
stu}. A ut sjojo] B FH( fatigue crack ) T2
A YA AF(local defect o) A& W EEHOIHL
de Fards $4930 At 3944 $458
gAGRT EEHIHAEL Fig FQdA 7]
22y Fige Y AR
( sideband ) FaFEolt}, o] AL} HET £
3 EAL g AR AF AEE FAH A
B ( regular signal ) x, (1) ( carrier F37) 9 hod Al
% ( residual signal ) x, () (AFO]SWIE Fai4 ) 2
ol @ & gtk 289 Fupg srdd A
78 AzE &5 ARIFAEY Foz2 FAHHI,
27 $ 4 ZEHolH AEQ Jo AsE AR
#Qol 98 Aot A rloj FEH
AF st £ 23 o] FEHA A F Aok
s(t)=x,(t)+x,(t)+n(t) &)
A7NM n (pE FHY o= olt}. 7joje 271 2
o] AejolA %9 3 £x9 7| R FHEHE
o] A8, 271 2EHA Hejzl Az, 784
Qe 9% A BEgHolA Hojxl A% T3 F
& A xolzd XFHARA UE FAHE BA
e RAe e F Aok 2 BHe A4S

Aols WE

-1115-



g A8 A8 WA xol=g F28T 4%
g &gsrs Aol

3.0l @A A% A7) ( Two-Stage Adaptive Line

Enhancer )
3.1 7] F(scheme)®] 47
432 ##57] AW Ele o wA

ALE(Adaptive Line Enhancer) & AM&3%t} 1319
B2 goloja#E FiglolA Bo{Fa Qld, 3d
A @Ale ALEXA "E FHT y, & U¥
AT x 9 279 A AE W A delayed version ) y, o
S 4@ BA Y A F( correlated signal )0l Tk LA
A FEF7E 289 Add HAER J48
( decorrelation ) A =2 M€ Hojzo} 3, #t
Holl A A £x9 GEHE 2 AU
% ( sinusoidal signal YE-2 XA 9 oA A4 5
of A et AUA GAldA 3 AF g,
22399 Ff ¥ 0] =( broadband noise )& T4 H
o]z HlAd# A EE5( uncorrelated components) S
Easfiofgt gt} whof A A( delay ) A 0] WF AA
U, EE Y Hol L o] ER AEH™ FA%E
& 53 G A "l o]RE oJEA dEsFHok
g Aol dig EoE UFd o ot F W
A @Al ALEOAE AMA CAZNEHY X
Az7t dPA 2R AMSEo AT UA &7
o] ALES] 7152 FdY xo]l2g EHSE F
SE4 Fojazle otk ojRL FHAgEY A
P F2( local structure )9 o] =9 F& AHA
€ G8¢22H o]Fo] Uth ALE 7XE A, 7 F
B3 3W ALEE ko2& o5 £ it utd
of FAIEe A9 wek et ¥HEse dF
( non-stationary behavior)& FHE 4 UoW o]
£ dE @ 5 Utk ARAHA BE &Y g, &
%48 SNRY 2AREE EFop ¢}

F

r

32 4g ¥4 ES A9ss 0§
FH 5o F713 E4L 717 (scheme )o R @A
7t Ul 4REERE 2AEEL 7 A AAT
a8A st Tl 2R2E5E £ A FHolge e

39l olEs AL IEy] A8
A L T ZE S dYd Fog 7l &oof
gk LMS € elEol dolA "E uF 9H
( filter weight vector ) w, o} O3t £ 8 & o}&
3} go] 2od £ Ut

Wea = (=2px,%,7 )W, +2ud,x, ©)
A71M w, & MY H2 4" EESU L & 1¢
gte @ HEolth A(6) ZFE wy=0°0]1 EE k
of disf d, £ x, 7F0°ld BF HEE 00 HE
& F Atk 2 T L < T,28, & WEHED
22 "el9 F29-2( impulse response )< 0 9]
Hu, FA%E $FAH UH 3 FoeA &
o Wl L < T,24, °1® w, & 00] ofyr},
553 9y WgE AAd o AR JEEL
8 727 o AFHAA Ao

o
olo

.2 &
AE 71015 x7] o] Ao BF FoT A
TEL #g5o% #h® Fig2 (at o4 7|02
29 AFANEE HoFa v} Fig2a)=
$2lE o)4rloly AE dFd EFES
F gtk dutstd 8L & IA4E9 7]
IRy GRS o8 gFolA U] WEol
th & A&z dXEE AB7 go] & A
gEY Fuso o FRHYES AAI] J8 &
#= o] @7 ALE & o] 43t} o] ©A ALE & Al
43t B4 Fo 239 E Fig2m)ol Rols RA
g 7)o} o] FAzol i) Bk o] 2 PHRE F
t} o] g sloje] ool iE HRE e Y
3| 37198 A Kurtosis & T3, Fig2(c)X 38 719}

ol

M e e
NV ORR L

e
=]

-1116-



o4 A wABE FHUELE
ek,

g 22 @

5.4 &

710l Qlo] AL A ANEEL 289 o4
AGES AT 8T =70l fistd ol A
< 79 o3 o715 7] WEolch spA T o] g
g FFge A e gd&e EFHrd 8
EYE, FUq xolz2 & uAdH vA rol=
of o8 WajE weo. ofrlHold s}t FE8t
2 Bk A% steA $EE F¢ A ALER E@
AR = 7]1F( scheme Y& AT T} o] R Z7te
e 4Ee s T/ ALEEE TAEH. o
W2 o]y 7|FE A J( reference signal )& 873}
ANEz2H 4 A3 Aol
o] 5 ¥) vl H( delayed version )& AIE-gu}. o €1
gFEo2RYH Age 7o o] dFd FRE A
Z7]9 g4 & F U

r

e

2 ¢n NE

(). Lee, S. K. and PR. White 1599, Two-Stage
Adaptive Line Enhancer and Sliced Wigner
Trispectrum for the Characterisation of Faults

ASME

Transaction, Journal of Vibration and Acoustics,

Vol21, p488~512

from Gear Box Vibration Data,

(2). Zhuge, Q. “Non-stationary modelling of vibration
signals for monitoring the condition of machinery”,
Mechanical Systems and Signal Processing, Vol. 4,
No.(5), p355-365,1990.

(3). Dyer, D. and Stewart, R. M. “Detection of rolling
element bearing damage by statistical vibration
analysis” Trans. of ASME. Journal of Mechanical
Design Vol.100, No.2, 229-235,1978.

(4). Randall, R. “Cepstrum analysis and gearbox fault
detection”, B&K Application Note,
Report, p13-150,1982

Technical

(5). Wang, W. J. and McFadden, P. D. “Early detection
of gear failure by vibration analysis - 1. Calculation
of the time-frequency distribution”, Mechanical
Systems and Signal Processing, Vol. 7, No.3, p193-
203, 1993.

(6). Staszewski, W. J. and Tomlinson, G. R. “Local
tooth fault detection in gearboxes using a moving
window procedure”, Mechanical Systems and
Signal Processing, Voi.11, p 331-350, 1997.

(7). Lee, S. K. and White P. R. “Fault identification for
rotating machinery using adaptive signal processing

ASME Design

Engineering Technical Conferences, 16 Biennial

and time-frequency analysis”,

Conference on Mechanical Vibration and Noise,
DETC97/VIB-4236, 1997.

(8). Zoubi, A. M. and Bohme, J. F. “Application of
higher-order Spectra to the analysis and detection
of knock in combustion engines”, Higher-Order
Statistical Signal Processing, Edited by Boashash,
B and et al, Longman, p270-290. 1995.

(9). Lee, S. K. and White, P. R. “identification of fault
sxgnals in rotatmg machmery using Higher Order

ASME Design

Engineering Technical Conferences, 16" Biennial

Time Frequency Analysis”

Conference on Mechanical Vibration and Noise,
DETC97/VIB-4137, 1997.

(10). Staszewski, W. J. and Tomlinson, G. R. “Time
Frequency analysis in gear box fault detection using
the Wigner-Ville distribution and pattern
recognition”,
Processing, Vol.11,No.5, p673-692, 1997.

(11).Braun, S. G. and Seth, B. B., 1979, “On the

extraction and filtering of signals acquired from

Mechanical Systems and Signal

rotating machines” Journal of Sound and Vibration
65(1), 37-50.

(12). Lee, S. K. and P. R. White, 1998, *“ Enhancement of
impulsive- signals for fault detection”, Journal of

Sound and Vibration, accepted paper.

-1117-



(13). McFadden, P. D. “Examination of a Technique for Meshing Vibration”. Mechanical System and Signal
the Early Detection of Failure in Gears by Signal Processing. vol.1, No.2,177-183. 1987

Processing of the Time Domain Average of the

X &,

€7
A, 4,
Wi > Wea N
(LMS) Yeu (QR-LSL) Ykz2 ©

Fig. 1. Two-Stage Line Enhancer
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Fig.2 Vibration Signal for the Industrial Gear
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